Major points which were especially considered for the design of the on line counters were as follows: 1) A maximum clock frequency of 100kHz was chosen so that a counting accuracy of 1% should be guaranteed for measuring an interspike interval of 1ms. 2) Dead-time of counting is much less than about 1ms, which is considered to be the shortest limit of the interspike intervals. 3) In neuronal activity the interspike intervals often range from 1ms to, several tens of seconds. Therefore there is a possibility of miscounting the long interspike intervals due to overflow of the counter.
To avoid this, overflow signals from the counters are transferred to the core memory of the computer. 4) To process two impulse trains and two analog waveforms such as EEGs at the same time, two input counter channels and two input A-D converter channels function in parallel with each other. When two or three signals arrive simultaneously, gates G1 and G2 determine which information of the channels is to be processed preferentially.
It should be noted that all the flip-flops transmit a signal to the following stage every time they are set , being brought back to the reset state by the signal fed back from the following stage.
To process the information in the arithmetic register, the control circuits of the computer are driven by the "start-stand-by" register, and the next step of the program then proceeds.
The program step is determined by the content of the instruction counter of the computer, which is modified by a jump pulse.
This pulse is generated by the output of flip-flop FF(b), FF(e) or FF(h), according to the sequence of processing information in the channels.
In the case of A-D conversion channels only one flip-flop, FF(a), is sufficient for retaining a signal temporarily. This is due to the fact that the analog input information is processed at a constant sampling interval determined by the clock pulse.
There is no need to be concerned here with To detect a mis-trigger and base line fluctuation, 2 channels of A-D converter are used: one is for the conversion of the voltage of slicing level, and the other is for the base line in the spike train.
The two of these voltages are continuously compared at every 2ms. So long as the slicing level is higher in voltage than the base line of a spike train, the computer is permitted to continue digitizing the interspike intervals.
On the contrary, when the base line continually exceeds the slicing level, the computer stops the counting operation.
Since there are less than 50 program steps for the execution of one loop of the flow chart in FIG. 3 , dead time to count an interspike interval is not more than 1ms. Each interval is quantized with 16 bits and is represented by 4 characters on the paper tape. An overflow is indicated by a "zero" . 2) Simultaneous A-D Conversion of EEG and Spike Frequency.
To investigate the cross-correlation between EEG and a spike train (FROST et al .8) 1966), it is necessary to quantize the spike frequency in a fixed time interval rather than the interspike interval itself. When the on-line counter is used in a gating mode, spike frequencies are measured instead of interspike intervals.
In 1 word of memory is stored each digitized value of two kinds of information: the upper 8 bits are for EEG, and the lower 8 bits for spike frequencies. It is obtained from the unit discharges of a single neuron in the lateral geniculate body induced by the stimuli of light spot (100ms in duration) to the receptive field of the retina.
Bin width is 4ms.
Recycle of accumulation is 21. Total points of abscissa is 1024.
(c) A cross-correlation function between spike discharge and EEG. It is obtained from an impulse train of a cell in the suprasylvian gyrus of the cerebral cortex and from EEG recorded from this area. A sampling interval of EEG is 2 ms. Recycle of accumulation is 100. Total points of abscissa is 512. accuracy is obtained.
2) Correlation Between Spike and Continuous Waves. A cross-correlation function between continuous wave such as EEG and a spike train is computed by using an A-D converter and the B channel counter.
For this computation, spikes in B channel are used for triggers and the digitized values from continuous waves are accumulated into the bin in memory as mentioned in B 1). An example of the results is given in FIG. 6 
